A soluble elicitor of glyceollin accumulation was released from insoluble mycelial walls of Phytophthora megasperma var. sojae after incubation with soybean cotyledon tissue for as little as 2 minutes. Various enzymic and chemical treatments of the released elicitor indicated that the activity resided in a carbohydrate moiety, and gel filtration disclosed the presence of at least two active molecular species. Cell-free extracts from soybean cotyledons or hypocotyls also released soluble elicitors from fungal cell walls that were similar to those released by living cotyledon tissue. These results may suggest that contact of fungal pathogens with host tissues is required to release fungal wall elicitors which then initiate phytoalexin accumulation in the plant.
Phytoalexins are low molecular weight antibiotic compounds that are inducibly formed in higher plants after infection by microorganisms and which confer natural disease resistance (4, 11, 12) . Phytoalexins also accumulate in plants in response to substances of pathogen origin termed elicitors, and these have been implicated in the induction of phytoalexin production in infected plants (1, 11) . Initial events in the interaction between elicitors and plant tissues, however, are largely not understood.
The soybean (Glycine max [L.] (Merr.)-a fungal pathogen Phytophthora megasperma var. sojae A. A. Hildb. interaction is one of the best understood gene-for-gene plant-pathogen systems in which the processes leading to resistance expression have been analyzed (11, 15, 17, 18) . The evidence strongly supports a role for accumulation of the phytoalexin glyceollin (11) in resistance expression (1 1, 16) . Mycelial walls of the fungus have been shown to be potent elicitors of glyceollin accumulation and their possible role in the induction of phytoalexin accumulation in infected plants has been suggested (1-3, 10, 1 1). Yoshikawa et al. (14, 18) recently demonstrated that fungus-associated elicitors such as mycelial wall preparations induced glyceollin accumulation in soybean tissues in a manner similar to that occurring in infected tissues, thus providing evidence for the in vivo involvement of elicitors. The isolated mycelial wall preparations are, however, column-like structures (see Fig. 1 ) that are insoluble in water. Although harsh treatments such as autoclaving (2, 3, 5, 13) or alkaline treatment (10) was grown in an asparagine-glucose medium (9) supplemented with autoclaved soybean hypocotyl extract (16) at 25 C for 7 days. Mycelia were collected by suction filtration and washed with deionized H20. Mycelial walls were isolated by the method previously described (14) with slight modification to avoid use of organic solvents which may alter native wall structures or molecules. About 5 g batches of mycelia were finely pulverized in a mortar under liquid N2, and subsequent steps were performed at 0 C. The resulting powder was suspended in 20 ml of 20 mm Tris-HCI (pH 7.2) and briefly sonicated (I min, 5 times) to disperse small particles present inside mycelial fragments into the buffer medium. The suspension was centrifuged at lOOg for 5 min. The pellet was resuspended and washed by centrifugation with the same buffer three times. The wall suspension was again sonicated as described above, and the walls were washed with deionized H20 by centrifugation 7 times. The washed walls were lyophilized and before use, finely suspended in deionized H20 with a Waring Blendor. The isolated wall preparations appeared to be free from cytoplasmic contaminants under the microscope (Fig. 1) , and the supernatant fraction of the wall suspension did not contain elicitor activity when assayed as described below.
Release of Soluble Elicitor from Mycelial Wails by Soybean Cotyledons and Cell-free Extracts. The soybean cultivar Harosoy 63 was grown as described previously (15) . Cotyledons from 8-day-old seedlings were wounded by cutting away the lower surface (about 1-mm thick). A 50-,Al aliquot of aqueous mycelial wall suspension (500 ,ug/ml) was placed onto the wounded areas of 30 cotyledons, and these were incubated on moist filter papers in Petri dishes at 25 C for the indicated time periods. At the end of incubation, the droplets of the wall suspension on cotyledons were recovered and added to 2 volumes of absolute ethanol to terminate incubation. The suspension was evaporated to dryness at 40 C in vacuo, and the resulting residue suspended in 6 ml of 10 mm Tris-HCI (pH 7.2). The suspension was centrifuged for 20 min at 30,000g to precipitate mycelial walls. The resulting supernatant fraction was filtered through a membrane filter (Millipore, 0.45 pn) to ensure removal of insoluble cell walls. The soluble filtrates thus obtained were referred to as the "released elicitor" fractions.
Cell-free extracts from soybean cotyledons or hypocotyls were prepared as follows. Ten g of either tissue were chopped into small pieces and homogenized with 30 ml of 20 mm Tris-HCl (pH 7.2) containing 2 mM MgC12 and 3 mm DTT in a Waring Blendor for 3 min at full speed. above. The pellet was dissolved in 10 ml of 10 mm Tris-HCl (pH 7.2). The solution was dialyzed against two changes of the same buffer overnight and then centrifuged as above. The resulting supernatant was used as a cell-free extract. The above procedures were performed at 0 C. The extract (0.8 ml) was incubated wtih 0.2 ml of mycelial wall suspension (2 mg/ml) at 35 C for the indicated time periods. The incubation was terminated by addition of I ml of 0.1 N HC104 at 0 C since it was found that ethanol addition was not sufficient to terminate this in vitro reaction. The incubation mixture was centrifuged at 30,000g for 20 min at 0 C to precipitate proteins and residual mycelial walls. The resulting supernatant fraction was neutralized with 0.1 N KOH. After standing at 0 C for 30 min, the KC104 crystals that formed were removed by centrifugation at 30,000g for 10 min. The supernatant fraction was passed through the membrane filter as above and the filtrate used as the released elicitor fraction. These procedures terminating the reactions with ethanol or HC104 were employed mainly in kinetic experiments in which rapid termination of the reactions was necessary. In other experiments, the reactions were terminated without addition of the agents, at I h after incubation unless otherwise specified, by pelleting residual mycelial walls by centrifugation followed by filtration through the membrane filter as described above to avoid possible structural alteration of the released elicitor by the agents. Control experiments showed that the addition of ethanol or HC104 under the described condition did not destroy the elicitor activity of the released fraction or release the soluble elicitor from mycelial walls.
Assay for Elicitor Activity. Detached cotyledons from 8-day-old soybean seedlings were wounded as described above. An 80-pl aliquot of the released elicitor fractions was placed onto the wounded areas of 10 cotyledons, and these were incubated on moist filter papers in Petri dishes at 25 C for 24 h. Rifampicin and ampicillin at 10 and 500 ,tg/ml, respectively, were added to the released elicitor fractions to suppress bacterial growth during incubation. These antibiotics alone neither induced glyceollin accumulation in wounded cotyledons nor suppressed glyceollin accumulation in elicitor-treated cotyledons (14) . Glyceollin concentrations in the wound droplets were determined as described previously (14) . were potent elicitors of glyceollin accumulation in soybean cotyledons (Fig. 2) . Inasmuch as the isolated walls were empty columns (Fig. 1) , how were the insoluble elicitor molecules on or in the walls recognized by plant cells? It was observed that drops with wall fragments rapidly acquired a soluble glyceollin elicitor after contact with soybean cotyledons (Fig. 3) . Release of the soluble elicitor by the tissue was also more efficient than by autoclaving, a commonly employed method used to release mycelial wall elicitors (2, 3, 5, 13 ). The release of the soluble elicitor was a relatively rapid reaction since significant elicitor activity was observed in the soluble fraction after only 2 min, and maximum activity was obtained by 30 min (Fig. 4) . The released elicitor did not appear to-originate from the plant tissue or from autonomous degradation of mycelial walls inasmuch as neither exudates from water-treated cotyledons nor the soluble fraction from wall suspensions that were not incubated with cotyledon tissue showed elicitor activity (Figs. 3 and 4 Elicitor activity in the released fraction was not destroyed by proteolytic enzymes, nucleases, and cellulase, or by autoclaving (Table 1) but was diminished by periodination suggesting that the activity resides with a carbohydrate(s) other than fl-1,4-glucan (Table I ). The released elicitor was partially soluble in 50%o ethanol but not in 70%o or higher concentrations of ethanol (data not shown). The released elicitor did not adsorb to a cation exchange resin (Dowex 50, H+ form) but bound to an anion exchange resin (Dowex 1, OH-form), indicating that the elicitor molecule is negatively charged (Table I) . Sephadex G-50 column chromatography of the released elicitor fraction showed that at least two size classes possessed elicitor activity (Fig. 5) . The approximate mol wt were 10,000 or greater for the larger elicitor and 2,000 for the smaller one, based on the fractionation of standard dextrans on the column.
Release of Soluble Elicitor by Cell-free Extracts. Incubation of mycelial walls with cell-free extracts from soybean cotyledons or hypocotyls also resulted in the release of a soluble elicitor (Fig. 6) . Kinetics of the release with cell-free extracts were similar to those with living cotyledon tissue, and significant elicitor activity was observed in the soluble fraction after 2 min incubation. The cellfree extracts from cotyledons appeared to contain higher levels of the releasing activity than those from hypocotyls, based on tissue fresh weights. The Sephadex G-50 column chromatographic profile and sensitivity to periodination and various lytic enzymes of the elicitor released by cell-free extracts were also similar to that released by cotyledon tissue (data not shown), suggesting that the released elicitors were similar or identical. The releasing activity in cell-free extracts was greatly diminished by incubation of the extracts at temperatures above 70 C (Fig. 7) . About 60%o of the releasing activity was precipitated between 30 and 50o saturation of (NH4)2SO4, and almost all the activity was precipitated at 70%o saturation (data not shown). These results indicated that the factor in the soybean tissues responsible for releasing soluble elicitors from fungal mycelial walls is a protein, possibly an enzyme which attacks native fungal walls.
DISCUSSION
We found that a soluble glyceollin elicitor was released from insoluble fungal mycelial walls upon contact of the walls with (Table I) suggest that the elicitor activity is associated with a carbohydrate moiety other than ,8-1,4-glucan. Further characterization of the released elicitor should disclose which component of the mycelial walls is involved in the initiation of phytoalexin accumulation.
It is unlikely that the soluble elicitor observed in the present study is released from plant tissues (7, 8) rather than mycelial walls, because neither cotyledon tissue exudates (Figs. 3 and 4) nor cell-free extracts (Fig. 6 ) contained elicitor activity. The soybean tissues were instead found to contain a heat-labile enzyme that attacks mycelial walls to release soluble elicitors. A similar observation was reported recently in pea-Fusarium solani interaction (6) while this paper was being submitted. Purification and characterization of the presumed elicitor-releasing enzyme is being conducted.
